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With the ever increasing demand by menthol cigarette consumers for freshness and 
authenticity, menthol flavor loss must be prevented. Therefore the study delved into 
the preparation of composite particles of menthol/palmitic acid by Particle from Gas 
Saturated Solution (PGSS) and menthol/trehalose by Supercritical Antisolvent-
Atomization (SAS-A) in order to come out with the bst conditions that can enable 
industrial production. The intention was to use these menthol composite particles to 
flavor cigarette. The menthol particles can be blended with the tobacco or put in the 
filter. The options available are to produce irregularly shaped microparticles with 
diameters or sizes of 10-20 µm for blending with tobacco or about 200µm for 
incorporation into the filter of cigarette.  
 
Five different compositions of menthol/palmitic acid and menthol/trehalose each were 
investigated. The effect of temperature and pressur on the particles was in turn 
determined. Particles produced were characterized by particle size, particle size 
distribution (PSD), Scanning electron microscope images and rate of flavor release. 
 
From the results, the optimum conditions for preparing menthol/palmitic acid 
microparticles (10-20µm in size) by PGSS were obtained when using 
menthol/palmitic acid ratio of 1:5, pressure of 8MPa, temperature range of 50-65°C, 
and nozzle disc orifice of 100 µm. A modified apparatus was constructed and used to 
produce microparticles (about 20-50µm in size) of menthol/ palmitic acid at 62°C, 
0.05-0.20MPa and using various compositions of menthol and palmitic acid.  
 
Menthol/trehalose particles were produced by SAS-A with the required particle size 
range of 10-20µm and morphology for the incorporatin into tobacco. These particles 
can be obtained with the following conditions: a nozzle of 100 µm, a pre-expansion 
pressure of 4MPa, pre-expansion temperature of 80 oC, and menthol/trehalose ratio of 
1:1. 
 



















































EtOH    ethanol 
GRAS    generally recognized as safe 
LD    laser diffractometry 
PSD    particle size distribution 
MW    molecular weight 
M.P    melting point 
SEM    scanning electron microscope 
H    hour 
min    minute 
ml    milliliter 
et al    et alii (and others) 
SCF    supercritical fluid 
SC-CO2   supercritical carbon dioxide 
SC-N2    supercritical nitrogen 
PGSS    particles from gas saturated solutions 
RESS    rapid expansion of supercritical solution 
GAS    gas antisolvent 
SAS     supercritical Antisolvent  
ASES    aerosol solvent extraction system   
PCA       precipitation with a compressed antisolvent 
 SAA     supercritical-assisted atomization 
 SEDS    solution enhanced dispersion by supercritical fluids                                    
SAS-A    supercritical anti-solvent atomization 
                     SAS-EM supercritical anti-solvent with enhanced mass transfer 
SLG    solid/liquid/gas equilibrium                                                                  
M/P    menthol/palmitic acid  
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CHAPTER 1: INTRODUCTION/LITERATURE REVIEW 
 
1.1 Background to the study 
Menthol is often applied to tobacco to form the tobacco blend by spraying the tobacco 
with a dilute menthol solution [1]. This method, however, does not produce a uniform 
end product, since the spray is in the form of individual droplets which do not contact 
all of the tobacco. Also, part of the menthol may be lost, using this method, in the 
course of processing the tobacco. Another method of applying menthol to tobacco was 
given by U.S. Pat. No. 3,548,838 [1]. This method subject the tobacco to an alcohol-
menthol vapor as the tobacco is blown through a conduit. A disadvantage of this 
method is that alcohol is an extra cost. Secondly, there is the fear that the alcohol 
vapors might reach explosive concentrations.   
 
An improvement over the above method involve the usof conventional methods 
such as spray drying, freeze drying etc, to produce fin  dry particles of the 
encapsulated flavor, which is eventually added to the tobacco or filter of cigarette. Yet 
still, these conventional methods do not solve the problem of flavor loss. Normally the 
operating conditions are harsh and the particles produced are far from perfect. 
 
Recent supercritical particle formation techniques are capable of solving these 
problems. These methods (for example RESS, PGSS, SA-A etc) encapsulate the 
flavor in a wall material under mild operating conditions to form the particles. Flavor 
loss is minimized and the particles are near to perfection. The particles thus obtained 
are as usual blown onto tobacco and further processed to get the perfect flavor 
tobacco mix or put into the filter. It is worth noting that the method and apparatus for 
the addition of menthol flavor should be such that [1]  
• flavor loss 
• cleaning of apparatus  
• exposing personnel to irritating vapors 
• use of other solvents which adds to cost of production. 
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In addition, these particles should meet some specific specification before it can be 
successfully blended with the tobacco or incorporated into a filter.   
 
1.2 Statement of Problem 
Conventional methods used for the formation of menthol particles for cigarette 
flavoring have lots of limitations. These methods often involve the use of organic 
solvents and thus the generation of solvent residues, thermal and chemical degradation 
of compounds, high energy requirement, multistage processes, environmental 
pollution, low encapsulation efficiency and broad particle size distribution [2]. In 
addition mechanical treatment employed most at times results in damage of menthol 
flavor as a result of particle distress, frictional heat or wide particle size distribution 
(PSD) [2]. The use of supercritical fluid assisted methods as already mentioned can 
overcome some of these inherent limitations of conventional methods. 
 
These current supercritical methods are in the infant stage and have not yet been 
applied to the production of menthol/palmitic acid and menthol/trehalose 
microparticles.  
 
1.3 Purpose of study 
The purpose of the study is to prepare and at the same time come out with conditions 
for the industrial production of microparticles of menthol/palmitic acid and 
menthol/trehalose microparticles that can be successfully incorporated into tobacco or 
the filter of cigarette.   
 
1.4 Suggested solution to problem (hypothesis) 
The encapsulation of menthol in palmitic acid by PGSS as well as menthol in 
trehalose by SAS-A will not only provide coolness and refreshing taste from menthol 
but will also ensure controlled release of menthol. This will improve the effectiveness, 
broaden the time range of menthol flavor and ensure optimal dosage [3]. With 
carefully fine-tuned controlled release properties, microencapsulation of menthol in 
palmitic acid and also menthol in trehalose will not just be an added value, but also a 
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Since other individual cigarette brand preferences tend to diminish fairly early with 
time but the menthol brand can capture smokers becaus  it provides the same 
enjoyment of normal cigarettes plus freshness feeling with a cooling effect [4, 5]. The 




A cigarette can be defined as a small roll of finely-cut tobacco leaves wrapped in a 
cylinder of thin paper for smoking [6]. Figure 1.1 is a diagram showing that cigarette is 
composed of the following parts: (1). Filter made of 95% cellulose acetate; (2). 
Tipping paper to cover the filter; (3). Rolling paper to cover the tobacco; (4). Tobacco 
blend or filler [6]. Cigarette is lighted or ignited at one end and allowed to smoulder; 
its smoke is inhaled from the other end, which is held in the mouth of the smoker [6]. 
 
Figure.1.1: Tobacco Cigarette [6]  
 
The term cigarette, as usually used, refers to a tob cco cigarette but can apply to 
similar devices containing other herbs, for example cannabis. A cigarette is 
differentiated from a cigar by its smaller size, use of processed leaf, and paper 
wrapping, which is commonly white, though other colors are sometimes available. 
Cigars are mostly made entirely of whole-leaf tobacco [6][7]. Cigarettes nowadays are 
filtered and include reconstituted tobacco and other additives [7].  Flavors are some of 
the additives that are added to cigarettes.  
 
1.6 Cigarette Flavors 
Cigarette flavors come in a lot of varieties including Menthol, Cherry cheesecake, 
cinnaberry spice, Bubble Gum, Cappuccino, Chocolate Mint, Eskandarani Apple, 
Blackberry, Blueberry, Coconut, Cola, Fig, Guava, Jasmine, Kiwi, Kiwi Strawberry, 
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Pear, Pina Colada, Pineapple, Plum, Pomegranate, Raspberry, Rose, Vanilla, 
Watermelon, After Nine (Mint, Chocolate Combination), Bounty (Coconut, Vanilla, 
Cola Combination), California Dream, Candy, Five Star Mix (Double Apple, 
Strawberry, Peach, Guava, Vanilla Combination), Frappuccino (Coffee, Strawberry, 
Cherry Combination), Honey, Memories (Peach, Cherry, Mint Combination),  Orange 
Cream, Winter Flower (Mint, Rose, Apple, Cola Combinat on), Banana Split, 
Cantaloupe Mint, Caramel Apple, Cherry Cola, Chocolate Strawberry, Citrus Mint, 
Mocha Latte, Papaya Mango, Pumpkin Pie, Strawberry Banana, Strawberry Margarita, 
Triple Apple, White Grape, Apple Al-Rawan, Blue Mist, Energy Power (Red Bull 
Flavor), Fuzzy Naval, Grape With Mint, Lemon With Grape, Lemon With Mint, Pipe, 
Sour Apple, Special Apple, Special Grape, Wildberry Red Grape, X On The Beach 
etc [8]. 
 
These and a host of other not mentioned here are available on the market. In the 
United States of America most of these flavors have be n banned from being used in 
cigarettes. But menthol still continues to grow in popularity. I t is the most popular 
cigarette brand on the market today. Most of the cigarettes available on the market 
contain inconspicuous amounts of menthol (approximately 0.03% of cigarettes' 
tobacco weight), but most tobacco cigarette companies advertise individual brands as 
mentholated [9]. These specific brands, contain between 0.1% and 1.0% of their 
tobacco weight as menthol, and therefore exert an appreciable cooling sensation and 
mint like flavor when inhaled [9]. 
 
1.7 Flavored Composite Particles 
Composite materials or composites for short are materials created from two or more 
constituent materials with relatively different physical or chemical properties and 
which remain isolated and distinct on a macroscopic scale within the completed 
structure [5]. Composites are most at times formed by the simultaneous precipitation of 
the core and wall materials, leading to a dispersion of particles of the core  material in 
a matrix of wall material, while encapsulates are produced when the wall material is 
precipitated as a thin film over a previously existing core material particle [10]. 
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